Objective: To investigate in children with cystic fibrosis (CF) and children without CF: (1) the test -retest reproducibility of a 20 min resting energy expenditure (REE) measurement; and (2) the long-term reproducibility of REE measurements in children with CF using longitudinal data. Design: Cross-sectional study and longitudinal cohort. Setting: A tertiary referral paediatric hospital. Subjects: A total of 31 (11 male, 20 female) children (aged 12.8 AE 3.6 y) with CF and 32 (14 male, 18 female) healthy children without CF (aged 12.2AE 2.3 y) were enrolled in the short-term reproducibility study. Long-term REE measurement reproducibility was assessed in another 14 children (5 male, 9 female) with CF, comparing their initial REE measurement with a subsequent measurement 1 -2 y later. Methods: All children had measurements of height, weight, skinfold thickness and indirect calorimetry. Results: There was no statistically significant difference in REE between repeated measurements in children with CF (mean AE s.d., 6240AE 1280 and 6220 AE 1315 kJ=24 h) and in the children without CF (6040 AE 956 and 6015 AE 943 kJ=24 h). For the children with CF, the intraclass correlation coefficient was 0.99 and for children without CF the intraclass correlation coefficient was 0.97. The measurement errors were 119 and 177 kJ, respectively. Approximately 80% of the variation in REE in the CF group and 70% in the group without CF was explained by fat-free mass (FFM). Analysis of the longitudinal CF data show there was no difference in REE between a child's first measurement (5140 AE 1140 kJ) and their subsequent measurement (5460 AE 1190 kJ), after adjustment for changes in body size between the measurements. Conclusion: This study has demonstrated that a short-term 20 min REE measurement is reproducible and therefore valid in children with CF and children without CF. These results also indicate that in children with CF, long-term REE measurements are reproducible.
Introduction
Adequate energy intake is essential to achieve optimal growth in children. Current recommendations for energy intake are based on predictive equations for basal energy expenditure and are dependent on gender, weight, age and height. As these equations do not include a component for the energy expended during physical activity or for thermogenesis, estimates are added to the basal figure in order to obtain an estimate of total energy expenditure (TEE).
In children with chronic diseases these recommendations may not be appropriate, as other factors related to the individual disease may alter energy requirements. Energy requirements in children with cystic fibrosis (CF) may often be in excess of normal, related to both increased energy losses and increased energy expenditure (Buchdahl et al, 1988; Vaisman et al, 1987a) . These predictions have been confirmed by direct studies on both resting energy expenditure (REE; Buchdahl et al, 1988; Vaisman et al, 1987a) and TEE (Shepherd et al, 1988) . However, the data from these studies also indicate marked variability of either TEE or REE between individuals, and in this regard no substantial data has been provided on the reproducibility of these measurements in children with CF, either over the short-or long-term, which may account for some of the inter-variations observed. Therefore, the aims of this study were to: (1) investigate the test -retest (short-term) reproducibility of a 20 min REE measurement in both children with CF and in healthy children without CF; and (2) to investigate the long-term reproducibility of REE measurements in children with CF using longitudinal data.
Methods
Children with CF (n ¼ 31, ages 3 -18 y) were recruited from the Royal Alexandra Hospital for Children (RAHC) CF clinic. The diagnosis of CF was based on sweat chloride levels consistently greater than 60 mmol=l and, in 27 (87%) children, confirmed by genotyping. Pancreatic sufficiency was determined by a faecal fat test and fat malabsorption was defined as a loss of ! 8% of fat intake (Gaskin et al, 1984) . Pulmonary function was assessed with forced expiratory volume in one second (FEV 1 ) values. Children without CF (n ¼ 32, ages 3 -18 y) were recruited from staff, friends and family.
Prior to the test, each child was instructed to fast from midnight and to avoid all medications, specifically inhaled b 2 agonist bronchodilators (Vaisman et al, 1987b) . Children with CF were asked to avoid any morning chest physiotherapy, and both groups were asked to present for the test early in the morning (8:00 -9:30 h) in a rested state. All children were afebrile at the time of the test. Children in the CF group with a previous positive sputum result for Burkholderia cepacia were excluded from the study in order to minimise any contamination between patients. The Hospital Ethics Committee approved the study and written, informed consent was obtained from the parents and older children.
All anthropometric measurements were performed following standardised techniques (Lohman et al, 1988) . Body weight ( AE 0.1 kg) was measured in children in minimal clothing using an electronic scale (AND FW-150K, Japan). Height was measured (to the nearest 0.1 cm) in duplicate using a Harpenden stadiometer (Holtain Ltd, Crymmych, Dyfed, Wales). Weight and height measurements were compared with the National Centre for Health Statistics reference population (WHO, 1983) and expressed as standard deviation (s.d.) height and weight scores (Dibley et al, 1987) .
Skinfold thickness measurements were taken in duplicate with Harpenden skinfold calipers (British Indicators Ltd, St Albans, Hertfordshire, UK) at four sites (biceps, triceps, suprailiac, subscapular) on the right side by the same observer following the technique of Lohman et al (1988) . Percentage body fat was estimated from these skinfold measurements using the equations of Brook (1971) , for prepubertal children and of Durnin and Rahaman (1967) , for the pubertal age group. Fat mass and fatfree mass (FFM) were derived from percentage body fat.
Short-term reproducibility was assessed with two 20 min REE measurements, separated by a 20 min rest period.
During the rest break, the calorimetry hood was removed and the child was permitted to watch television in an adjacent room. Throughout each of the REE measurements the children listened to taped music of their choice. The protocol for each subject was identical.
Long-term reproducibility was assessed in another 14 children with CF, by comparing their initial REE measurement with a subsequent measurement 1 or 2 y later. To adjust for changes in body size (growth over 1 -2 y), REE measurements were expressed as a percentage of predicted (PREE) based on the basal metabolic rate (BMR) equation of Schofield et al (1985) . Long-term reproducibility was not examined in the children without CF.
In both reproducibility studies, REE was measured with an open-circuit, indirect calorimetry system, specifically designed for use within the paediatric population (McCauley et al, 1993) . Children were studied in a supine position. A large, clear headbox was placed over the child's head for sampling respiratory gases. Prior to the collection of data, a 10 min equilibration period was conducted. REE was calculated by the Brockway equation (Brockway, 1987) , from measured gas exchange and estimated urinary nitrogen excretion. After the short-term REE measurements, the values were averaged independently by two blinded observers to reduce bias. In both reproduciblity studies, the calorimeter was calibrated prior to each test with nitrogen gas and a span gas of known concentrations of carbon dioxide and oxygen (Commonwealth Industrial Gases, Australia). Whole system checks of the indirect calorimeter were performed weekly by burning ethanol in the headbox at a known rate and measuring oxygen consumption and carbon dioxide production. The accuracy of the indirect calorimeter for measuring REE is within 1% over a wide age range of children (McCauley et al, 1993) .
Data analysis
The data were analysed using MINITAB Statistical Software (version 8.0, Minitab Inc., State College, PA). Student's t-tests were used to compare the mean differences in physical characteristics and REE between male and female children in the two groups. Adjustment was made for multiple comparisons using the Bonferonni correction factor. Paired t-tests were used to test for differences in REE measurements between test 1 and test 2 in both shortterm and long-term reproducibility studies. Agreement between first and second tests was assessed using the method of Bland and Altman (1986) .
The relationship between REE and FFM was examined in the short-term reproducibility study using linear regression with FFM as the predictor variable. Intraclass coefficient correlations were calculated for REE in the reproducibility analysis from one-way ANOVA (Armitage & Berry, 1994) and measurement error was calculated by dividing the standard deviation of the differences by the square root of 2 (Chinn, 1991) . A sample size of 30 was required to calculate an intraclass correlation coefficient (Peat et al, 2001) . The data are expressed as mean AE s.d. The figures are expressed as mean AE 1.96 s.d.
Results

Short-term reproducibility
The physical characteristics of the study children are shown in Table 1 . In the CF sample, the mean s.d. height score was not significantly different from zero, but the mean s.d. weight score was significantly less than zero (t ¼ 73.35, P ¼ 0.002), indicating that the children with CF were slightly underweight for their age. The genotype of the children with CF included 17 dF508 homozygotes, eight dF508 heterozygotes, two children who were non-dF508 and four children who had no genotype record. Three children (one male and two females) were pancreatic sufficient and did not require enzyme replacement therapy. The mean s.d. weight and height scores of the sample without CF were not significantly different from zero. The mean age, s.d. height and weight scores, percentage body fat and FFM were similar in the CF sample and the children without CF (Table 1) .
The results for indirect calorimetry are shown in Table  2 . The children with CF had similar mean REE measurements for test 1 and test 2 (6240 AE 1280 and 6220 AE 1315 kJ=24 h, respectively). The mean difference was 739 AE 169 kJ=24 h (95% CI of the difference 7108 to 18 kJ), which was not statistically significant. Agreement between the first and second tests is shown in Figure 1 . The differences between the two REE measurements (except for two measurements) were randomly scattered around and within 1.96 standard deviations of the mean difference, the 95% range being 7370 to 292 kJ. The intraclass correlation coefficient was calculated to be 0.99. The measurement error was calculated to be 119 kJ. This suggests that the 'true' value for a child with CF is within AE 233 kJ (95% range) of their actual measurement from the indirect calorimeter. REE was best described by regression analysis with FFM as a predictor variable. In the children with CF, FFM explained 81 and 79% of the variance for the first and second REE measurements, respectively. The children without CF had similar mean REE measurements for test 1 and test 2 (6040 AE 956 and 6015 AE 943 kJ=24 h, respectively). The mean difference was 723 AE 250 kJ=24 h (95% CI of the difference 7114 to 67 kJ), which was not statistically significant. Agreement between the first and second measurement is shown in Figure 2 . The differences between REE 1 and REE 2 (except for two measurements) were scattered randomly around and within 1.96 standard deviations of the mean difference, the 95% range being 7513 to 467 kJ, this range being greater than that found in the children with CF. The intraclass correlation coefficient was calculated to be 0.97. The measurement error was 177 kJ for the children without CF. This suggests that the 'true' value for a healthy child without CF is within AE 347 kJ (95% range) of their actual measurement from the indirect calorimeter, this value being greater than that found in children with CF (233 kJ). REE was best described by regression analysis with FFM as a predictor variable. In the children without CF, FFM explained 72 and 65% of the variance for the first and second REE measurements, respectively.
Long-term reproducibility
The physical characteristics of the 14 children with CF (five males, nine females) in the longitudinal study are shown in Table 3 . Two children (one male and one female) were pancreatic sufficient and did not require enzyme replacement therapy. There was no significant difference in FEV 1 values for the 14 children over the study period.
There was no significant difference between the two REE measurements, after adjustment of REE for body size by expressing REE as a percentage of predicted. The mean difference was 73.8 AE 12% of predicted (95% CI, 711 to 4%). The agreement between the first and second test is shown in Figure 3 . All but one value were within AE 1.96 standard deviations of the mean difference.
Discussion
This study demonstrates in children with a chronic disease such as CF, and in children without CF, that measurements of REE are highly reproducible, particularly when the measurements are taken over a short period of time and using the same experimental protocol. These findings are supported by the high intraclass correlation coefficient values (r ¼ 0.99 and r ¼ 0.97, respectively), the very small measurement errors (119 and 177 kJ, respectively) and the agreement found between the two measurements as assessed by the methods of Bland and Altman (1986) . Long-term reproducibility of REE measurements in children with CF was also demonstrated in this study. REE measurements, once adjusted for changes in growth and body size, are reproducible over an extended period of time. This is shown by the agreement between the two measurements over 1 -2 y, and is supported by the comparable FEV 1 values throughout the study period.
Previous findings by Bandini et al (1990) on REE in obese and non-obese children aged 12 -18 y also report their REE measurements to be highly reproducible, with an intraclass correlation coefficient of 0.97. Similarly, later research by this group (Bandini et al 1995) , on healthy, premenarcheal girls aged 8 -12 y, also found their subjects' REE measurements to be highly reproducible. However, in both of these studies, an interval of 2 weeks occurred between the first and second measurement and the patients were admitted to hospital overnight prior to their first measurement. Recently, Ventham and Reilly (1999) studied REE measurements in healthy prepubertal children on alternate days and found them to be highly reproducible. The mean CV was 2.6% and the reproducibility index (variance in REE between children divided by the variance in REE between and within children) was 0.95. Interestingly, the results from the current study are in direct contrast with an adult study by Bell et al (1999) that investigated the reproducibility of REE measurements in subjects with CF. The authors concluded in the adults with CF that REE measurements are reproducible. However, greater measurement variability was found in these adults when compared with age-and sex-matched controls. The authors stated that these differences were due, primarily, to changes in systemic inflammatory activity in the CF group even in apparently clinically stable patients.
In the current study, one explanation why REE measurements in the children with CF differ from the children without CF is that these children are familiar with both hospital environments and medical procedures. In contrast, healthy children without CF, although recruited through hospital staff, friends and family, were all new to clinical research. This is supported by the work of Bell et al (1999) who reported that catecholamine levels in an adult group with CF remained stable throughout their REE measurement, in contrast, the control group concentrations fell with time. The authors concluded that the adults with CF were familiar with the study procedure and physiological measurements, while the adult controls were naive to research and therefore likely to be anxious prior to their initial measurement. However, it must be remembered that the children with CF in the current study had mild -moderate pulmonary disease, therefore these results cannot be extrapolated to children with severe pulmonary disease, particularly over the long-term as these children, most likely, would have a larger variance in REE due to coughing during the test.
Several studies measuring REE in children have found FFM to be the best predictor of REE (Fontvieille et al, 1993; Goran et al, 1994; Elliot et al, 1989 ). In the current study, FFM predicted REE by explaining 72 and 65% of the variance for REE measurements 1 and 2 in the children without CF, respectively. In the CF group, FFM was largely predictive of REE by explaining 81 and 79% of the variance for REE measurements 1 and 2, respectively. Other researchers have found similar results. Giardet et al (1994) reported FFM (measured by skinfold thicknesses) as the best predictor variable (90%) of REE in infants with CF. Similarly, Zemel et al (1996) also found FFM (measured by total body water) to be one of the best predictors of REE in children with CF. It was interesting that in the current study, there was a weaker correlation between FFM and REE in the group without CF (70%) compared with the CF group (80%). One explanation may be greater error with skinfold thickness measurements in the children without CF, as measurement error in skinfold anthropometry is increased by fatness (Lohman, 1981) and these children had a higher percentage body fat than the CF group. This study was not able to investigate the effects of hunger or fidgeting on REE in the two groups. As the children were required to fast from midnight prior to the test, hunger may have increased the likelihood of restlessness, thereby increasing REE. However, we believe this is unlikely as the children were studied early in the morning and were supervised throughout their entire measurement. Fidgeting is a common problem when children are required to lie still for a length of time. However, Dietz et al (1994) have reported that fidgeting in girls only affects the minuteto-minute variation in REE, rather than the overall average of the REE measurement. Similarly, any fidgeting by the children was minimised as all children were supervised throughout their entire measurement.
It is interesting to note that within the CF group the greatest intra-variation in REE measurements was found in three children who were pancreatic sufficient and not receiving enzyme replacement therapy. In order to ascertain if this fact is clinically important, further clarification is needed with a larger sample of children.
This study has demonstrated that a 20 min REE measurement using the current REE measurement protocol is reproducible and therefore valid in children with a chronic disease such as CF and in healthy children without CF. Furthermore, this study has also shown that REE measurements are reproducible over 1 -2 y in children with CF, with relatively mild respiratory disease, suggesting that the first measurement taken is valid. However, care must be taken when extrapolating this data to children with severe pulmonary disease.
The high reproducibility of REE measurements in the current study confirms that the indirect calorimeter is a reproducible instrument and appropriate for paediatric studies.
